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(54) ELECTRONIC CIRCUIT STRUCTURE WITH IMPROVED DIELECTRIC PROPERTIES 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device having improved dielectric properties, and to 
provide a method of manufacturing the semiconductor 
device. \ 

SOLUTION: In a CMOS circuit, a number of N-well 
regions 12 and P-well regions 14 are formed along the 
upper surface of a layer 10. Regions 12a, 12b, 14a, and 
14b are electrically isolated from one another by regions 
1 8. A MOS- type FET can be formed in either of the 
regions 12 and 14. In a digital circuit, the regions 12 and 
the regions 14 can be formed for incorporating a CMOS 
logic circuit. A pair of the N-well regions 1 2 are formed 
next to a pair of the P-well regions 14, and MOSFETs 
are produced in the region 12a and the region 14a. A pad 
oxidizing fi|m is removed from the upper surface of the 
layer 10, together with the formed regions 12 and 14, and 
then a high-quality silicon oxidation film 22 is subjected 
to thermal growth, until the thickness reaches about 60 
&angst; on the surface of the layer 10. 



* ; (>■ p;, 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 



http://www1 9.ipdl.ncipi.go.jp/PA1 /result/detail/main/wAAAV6aOgXDA41 41 64343P 2004/1 2/1 5 

BEST AVAILABLE COPY 



. 2/2 ^— > 

Searching PAJ 

application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.go j P /PA1 /result/detail/main/wAAAV6aOgXDA41 41 64343F.. 2004/1 



#582002 — 164343 

(P 2 002-164343 A) 
(43) ^WB ¥^H¥6^ 7 B (2002.6.7) 



(51)Int.Cl. 

H01L 21/316 
21/265 
21/822 
21/8238 
27/04 



mmn f i r-7 

H01L 21/316 P 5F038 

27/08 321 A 5F048 

21/265 Y 5F058 

27/04 C 5F140 

29/78 301 G 
g4*# I8JRJSOR24 OL ^HRtUffl (4«S) 





!^S2001-262547(P2001 -262547) 


(70 mm A 


301030605 






7*7 xXtAX #-5= r ^7> 3- 


(22)ttiSiB : 


¥ J&13*? 8 £316(2001.8.31) 












Agere Systems Guard 


(31)gE$fc*£SS#^ 


0 9/6 5 3 4 9 3 




ian Corporation 


(32)g$feB 


¥J&1 2¥ 8 £31B(2000. 8.31) 




7*U*£*fcHI. 32819-8698 7DU^, 


(33)ffift$«3£3ftH 


#E (US) 




*-7>K. tr-^T. va> -^>^ /X 








-^^x-r 9333 






(74)ftSA 


100064447 


j 
j 






*rS± Hff 3E* (^11 *> 











(54) &&LfcK1t#1££Wt-£*^IIli&#ij£ 

(57) mm 

[RBI ^Lfcit^tt^f^r/HXi: 
[«Pft#S:] CMOSUKTttl 1 o <D±.mm\zBr> 

T, ^ftCN^xMRttl 2i5£tfP^XJMiJ£l 4# 
®i^ns. ^12a, 12b. 14a,*JJ:tfl4 
btt» «K1'8ICJ:D. SV>£*»«fc$HBUTV»*. 
MOS^FET«i«l 2*«fctf«*l 4©ViTtllC*5 
V>T"bJ^J«3WRllET*S. ■5 s > ? ^JHaK^*3ViT, CM 

2(D^7ttP'>x;i/^l 4<D^7<DmiZM)$.-2n. t 
bT, MOSFET^l 2 a&Ztfimi 4 aC* 

v»T«feaft*. »*snfc«*i 2*s«ktfm#i 4i 
t t>{c, n o ©istBtt/t y vwutmtm o i»**u 

Hi 0©3flBlci«ftK->U3>ttfk!St2 2*s»S«6 0 
A£T'g&jfcg£fT3. 





N 








P 




P 


























Si 














P- 




15 







ft+IBM^tftWrslMMi**^. ttttS* ©wa- 
tt, «— «iii&V»±0'b+IIB«WtfcT«flEO**^aft 

WHMfcfc*V>T*»)**<. Sfc, ««. Ba. Ta. 
Sr. N, *J:tfT I *6«t« ^-^*6W?*n5 

MM i CEtof/H x. 
[MM 3 ] «©M : FWti«B-«llHW«**t«B= 
^® ffitt tc*3 it 3 £ © J: 5 &«©igg<fc 0 t> * m«* tc 

[MM 5]; !6IMIH:*J»»li»^K*iW»*b9> 
-^^y- UTtMETS J: 3E«3n* - 1 

[MM6]j JB-MMl*. fg^S®fH«. fcitf* 

UH«*©-tn-f na -> u n > tmm t. <onj&> o . 

x. I 

mflitto-tti-fntt^ u 3 > tat* £ ©w*#> o , 
*ut, att. %h~&mmmzjsrt2,ttmo j tn\zvc%i 

■ra n t *WKfc-r*H#!i i fcB*©7W x. 
[MM8], jjE^attHf *>6rit*ifc*«r«i"r* 

mmi c^«owx. 

[MM9] ; «siMitt**^^»Mt#fcbT«t&r 
mm i o ] sn-sffi t us-M m©m©iggtt# 

£x##fctev», $fe^)l©m«5£S!:tts i0 2 * 
<k^s i n 3 : ©*nj:0"b*#^2:fc*«ikt"r*ill* 

[MM ill *fe&Btt, ^J3>t, 
T. Zr, Hf. 43it/N. T a . Tl. Ba, 

[mm 1 2 ] -tnKUEWEsn&miwa* h7>^ 

tt. iHMW±l:»*anfcy-h»»MI 



6.1*0, ig§$«Htt, H*f*li£©Mfc 
ttftMtt. if-****. *UT, *WSfl 

3] «©&««, +wa»£* mmm&& 

*Efc<MMU:-r«M#«l 2KIE«©7W*. 
10 [MM 14] M^«©i8SttBI««t^^HW© 

of/HX. 

[MM l 5 ] »-«lB t-tnic»lft-r*»=:*lBft 

*rr*WMi3a»6jaEO. *oiit*iHiBTWiE***.*a 
[mm i 6 ] «©»*t*!B-«w fc-tncttiflj-r * 
jsi sett©5W;*. 

[MM 17] ««JBi©tt3WWES?toe 

K:*J*sa©«flltt-tfDTj»*^t*'ft«t-r*MM 
i scisiofAWx. 

[MMi8] nmmte'sv^ytwtmftztftzzt 

SW»itSII*l 1 5 CEtOrA'f 7.. 
[MM19] fc^fWcSt,MrgE£-3nfc2 0&5</> 

.t, ««*£»*4«nE-r*©fc+#fc*©ia»©«ft» 

30 [MM2 0] t^HKHf^TK-fXT-feD, * 
££4*»tr*«M 1 9 IC|H*©*». 

[MM21] iijp©«*#A-rax^^^tt7t^© 

9 KE*©*S. 

[MM2 2] Htt, »-«lBfc*tilc«rt"r*»= 

W«WlfcfII=. «®t©M©4»Wm«4:S:-&*. *&. il 
40 }j[l©«£#A-r ^ Xt" y^tt, SElBfll*^ 

©M^©a©aA(c«to^snaiit^^m<h-ra 
mm 1 9 kk*©#». 

[MM2 3] *"blcH©tt>IW««^©a©ffiAk:J: 
D , 5!*n©fi#gA£n-5£<h£&m<>:-f-5.MMl 9 
('E^©^ffi. 

[MM 2 4] +M«*W»&*-*iB«l*fc 
irSli^UO'Nl^iStt^ Xf 7 7^ ttf c t § 

wat-rsMM 1 9 (cE«©^fe 0 

[%W©#ilH^iiW3 
50 [0 0 0 1] 




3 

[5S3U ©Hf*&«»»] *»W4, 8®** 
[0 0 0 2] 

- -> 3 > k & tt - n b « U 
fc43V>T&fc£<&ffisnsf8m#&©*©-^*s 
[0 0 0 3] #H^^7-f-tf— >3>->Xr-A©'f >3r 

«k zntttEMfc. n>x>-y-^ 

o*fflf*8UkSflJ-^b. #^ *MBfcfl:* i HI# (mo 

S) W9MkV^> 9 J7s9 (FET) fciSttSftftffcl 

[0 0 0 4] 8JjgI@©i&'&i^:7*-^>*K*5tt*> 
E T^- h K^T* 0 

[0 0 0 5] jfi*P. «*fci«k^fflMfflB**fcHl'T 

fc. 09*.»4\ Wilk*£tC«t;S, 1 9 9 9^5^1O0tt. 4 
Applied Physics Letters© 7 4#, No. 1 9 \Z&M 
Electrical Properties of Hafnium Silicate 
Gate Dielectric Deposited directly on Silicon" £ 

[0 0 0 6] 

shirrs raatt, iftot^^, ¥»#ss.&©*mk 

©«fe*«iiUttW-*K^>n. I*LS I (USLD7 ! 




^120 0 2-16434 3 
4 

[0 0 0 7] 

[0 0 0 8] *5EWKlfie«r». ft*WKSVMC»^Snfc 

m^t^un^efixs. ii©ttR*5£»£4inE-r*©fc 
^©«wca*#x-r * uti;±DM$ni.. 

[0 0 0 9] 

IfflttfflCiDakJS^eaKajBSnJ:^. his. * 

tttt$>&JKttflJR¥#tt (CMOS) B3S& 
TJ4a#*-5T*SJ:5f*, If 1 0 ©JtS®Kl»^T, 
*»©N^XiHR«l 2*5.fctfP l 7X;i/«yU 4*«»J« 
Snt^S. M«12a. 12 b, 14 a, 
14btt. «*HE«*<O«M5'-**>^fcJ;0»*S*l 

«i8kj:d. nwzm§m\zttmvT\*2>o uosm 

fPftl 2*«kflf««l 4*SEfc3WOS'— *->^T»lW 

©^7»4P^XJHH«1 4©^7®»KJEJfiRSn, -tb 
T» MOSFET*««l 2 a*itf««l 4 a^l/» 

[0 0 10] &ti&ntztmi 2*5<fctffK«l 4<h£:fc 

t, s i o<D±amtort? mitmtwmfrn. m 1 

50 0 ©»BC*flH->y3>*flai2 2#»Stt6 0A 




( 4 ) 



5 

(6nm) S-TjRjfcftSffS. 

[0 0 1 1] 0 2{C*5ViT, N^XJUg|5^*J<J:^P^-r 

* p v x;n*« 1 4 . 2 4 zmrzwumm 2 

2 . & J;tf -> 'J 3 >H 1 0 tc^snfcK*HBl©J£S® 
2 6 SMITHS. ttfcKfli 22tI10 ©*S®¥## 

at. :ut'aw->^>^n^5' «fco-fe 

Mill. I2 2Ati{t->U3>TttftV^\ &3V*teH 
l 0 #*»Wli->'J 3 

[0 0 12] B3lcHbT, «»l«IIEat*ftTH 

©ftj£{-«k9J12 2£S2 7tf*A3n«. ISHffe 

Asnfcw*. ±s® 2 4 t^ffi 2 6 WT^oigs 

S^T-ra. »3 6nm©««ilC*rbT. Hf 
•M>ttZ r •*:*>©. *l^5x 10' 4 cm - 2 *»6 
5 x 1 0 1 5 cm- 2 STO. 2 K e V 

aaDat«x*;u*-©c:©iaft«i*. «®2 6K : 

LUfecoT&S. ffiA*tt*S*«K. 122 

©cpfWSMJ-2 8«CfcViTHf »*W1Z r tfit&MiSiii 
KC. Jig® 2 4 \Z&?tzm 2 2 CO±«®m^3 0 tC*J 
V>T«#it££M<£««K. -tbT. j£^®2 6lC^ofe 
122 (Dl&mW* 3 2 K*V»T«*«it!ttWfiWEt* 
a^*T'&£o *J*^» SAW*. «ffl2 4tgl2 6 

tamnm 2 2&tzK> €»t«j£>fr*x9— 

f^. Cfl*. 0 3 ©#—-74 0 JdTSbTV^S. 

T, ±31® 2 4 £ Jg£3l® 2 6 M©^{4©18gc£ tTi 2 

CD tf- 2 £ ±Mm 2 4 ©i£ < C*5 < . 
[0 0 1 3 J £A»2 2Kte. {3R«7 0 0tTl 0# 

'MZ)g&©|lf5c£bT82 7©ffi*H§«£^bT. 03 
©#-74 2tCT^bTV>S. «©&&«, «2 2©*F 
|RHMIt2 8£{MffA.l£3. Bnm*64. 5 nm) 
fc, 4«-S<:SIifWK3 0©»#©fl:*'&J**Sg*.S© 
l:t^»Mo^f»5, W2£Mtt3 0 

4$J:dC7x-;P«MBt©a^-a-fc«fcD, 1220 

li_h3i® 2 4 <hlg3t®2 6 £©«£«££>£ bTViSi&t. 
ttAX*;^-**«r»tti£*KHBItt. Sffi2 4 £31® 2 

[0014] mAm\z£zfcmisntz&m<Dfe%:. =m 
{ttr-fmrnz 2 t->v?>mi o vrut>%. *t®2 

6) |BJ©IHBJ4«2 7KJ:*»»*«^IRSW-S. 



^^fM 2002-164343 
6 

B22 <nWMts.Utt\zm 2 7 ©+#&««*> 6 fiS o , n 

2 2©«R*3e**«i»a**. 

[0 0 15] @?^--> , J=i>^ffi^©"7'<'^^— > 3 

mL^mimmz&^xYz. S2 7©&fc& 

©JIS-ra„ iOHftlc *^©te©^M^Hf3*3ViT 
[0 0 16] fl*«ffiA»*v»ttH#V-**&*KJ;D 

a27 m*nfc«. -> u 3 >gtftJ8iJi 2 2 ommfe 

&£±tf*fcJ0. tfSUS'Ua^y-Hi*** 1 (Wa- 
tt, lte{M*»WJ««fci:-9> B2 2±tc«75>nao C 

x^>^(siliciding)75iff^n. 2 afcitfflUt 

1 4 a±Kl$'-UIBfi4 8*»Jjtt*. H4«. P^ir 

2£*bT*30. M«ft4 8 **UTV» 

a. #y-h«fi&tt, #US/U3>Ii*>6WJ**ftfctt 
*©|fffli5 6*W>4. «#*n3t#'J*>Ua> 

P#x;HRttl 2 aC*HTPSV-VHW>«* 
5 8, *3«ttK, N--7XJH«14al:^TPSV- 
7/HW>«*6 0 6«i:^DIflt. B2 2l*j©«2 
7©2£Sttt> V-X/H F-/1>h 
©S£m£tB|Kftc^ba. b*»U ^AlStkCJcSH-K 

) 3pD>©ffiAic«kDaE3t*n*;:t*«a*bv>. h^© 

y- h«ifi4 8 liSfc, R»©ftfRlcaitJV>T»»B 5 
6C»*S*Ut. 0iJAt4WS i ©i -5 t>J^t-> 

[0 0 17] 04tt*fc, Itl2b±CM3nfcP 
IMOS + t^-^6 4. *sJ;tfP«Wtl 4b±fc## 
SnfcNlMOS + t^v^ 6 6 Sr^bT^ia. #=^-V 
^•>^Oit#7 0liI2 2*^f^n, 
->^&^«-ra. Ai6t|^t/'S^6 4*iWt/'! 

40 -> U 3 >* 1 0 lift* 1 2 b iCfe^Tm H-7P 

na, 0ija«)B 2 2 ©»»sicfti:*y-x/ H P-f 

«5 8*5^1^6 0£E&5£-f3©i:|iP#©. -r*>aAlC 

•toa^^n, +a-/^->^6 4ic^-PM^myu-N 

^bT*^/1->^6 6iC^-NS!^«7U-h 
7 6 SJtHft-r*. 

[0 0 18] CMOSy-X/h'W >®«5 8*3«fc^ 
CMOSV-X/HW>i«6 0t, h 7 

4 *S*lfl8-:7V- h 7 6 ©RRf©»«ttffiS5fiWBK«fc 



K*f VXmm tlttn-tf 'J > 'J ^ h KB 2 

6 6*-n^n©s8-&«?v- h 7 s s*jrr*. 

[0 0 19] H4Cw-rJ:5K:. y- MHifi 4 8 »*tn 

^nmrnrntm? a ? * > h b o (hrc sio 2 i© 
s n*t -> u n >^tm« s 2 h «t>s 4 s t . 

fH$-fr*. 3>**h (HS**") #W*5«fctfWS i*> 
6»UE3n,IIISW»#5 6, 5 8. 7 4, 7 6 fc±£ 

&&bh$i (Bstf) m©»he* » 

«?V-h7 8W:->D1M HH5 9 
[0 0 2 0} *%K<D*fcS'JO^M^Sit'*5^Ttt, H 

f fccktfz r u«1-©«s*ttT. **v»ttH-&-a-rr#«& 

tsxfyrm. a 2 2 ©wMttt&ifciE-r*. a 

ftt5*mtUttBa. Ta, Sr. N, fc^Ti 
^fi-^t->U 3 >* 2 2 ©^fiSfcSfc&oTfrten* 

5 < «^jfcMMUM^©« 2 7 ©j|g#tC <fc D . - 

ttfl:->U3>©Jfti«*W**^tt*«*S+ K * £A&£ 

^Hffi©s©iiASff5^t^a*s. 

-r<5«2 7 1 0 + 

[0 0 2 1]'; #3M8fcJ:9, HwOWfcttSfc***^ 
n>«# (*y a >©**** Wif»«ffcK:±9> #'J 

I [Hi] • 



, ) W&lffl 2002-164343 

8 

[0 0 2 2] *»WtOV»T, «fc©tot*©**#* 

%w*miirz>mmmvkznz>. ±ja©*ft^«fco» 

&ACkD. Hf**^ttZr*»«Aan«W2 2CPI 
10 UT. 6nm§ (7 U-X*-Xfctt«bT) ©i£«£ 
555>S2 SWlgHKteSit^SSSn^. 3 
5. — ttWK, 1&m\Z£J)M 

ttt, 3f»Mt:«fliSn5«*.tt. S i 3 N« &s 

v>«s io 2 t^it^ismmm\z:xm^nitt 

nJ:Dt>**^««3£ft*Sf. ddTttE«feff teste 
*ofc#. *»BK.kSffii©*fc , b*fc. #%BJ©$SB 

20 B*K*©7 3.-?-irttW-«l2 

[0®©f85*;teS&i»] 

[a i ] ^m<D-mmmmizjz^;u xiwwjwh 

*y-5?fc*tt*¥WW»a©»#WmHT&*. 

[02] #»siifc.k*. a i K»«rrajaaKi*»*-t 

©«lift**bfc»»WiBHT»*. 
[0 3] ^ftf /H^*Mt^^*f^ ^a^fti 
Sffofc«©H2©«ift©ff«IH*C**. 

[04] oa^T»»wic»«*nfc«iia 

30 lM*a*«Lfc»*HOT9BIT?**- 
[0 2] 





N 




N 




P 




p 






! 


1 <_ 














1^ 


8 




8 
















P- 




10 







tan 2002- 



16 4 3 4 3 



[03] 



imiu 



[04] 




'8 re I rfi | | ?fl 1 1 >8 / 



(SOInt.ClJ 7 ftme* fi 

27/092 27 /° 8 321 
29/78 

(72)%$# ! 3>7^>5^> t\— 5r;l/ 

i 32837 7D'J^, 3"— 

; 4570 
(72)«M#i 3-T-> 

' 7*U#£*B 32837 7DUy, t- 
7>b\ T/JUv^-fS H^-Tf 3852 




( 7 ) 



F*-A(#*£> 5F038 AC03 AC05 AC16 AC18 EZ20 
5F048 AA07 AC03 AC10 BAOl BB05 
BB08 BB11 BE03 BFOl BF03 
BF06 BF11 BG14 
5F058 BA11 BA20 BC02 BC04 BHOl 
i BH15 BJ01 

5F140 AA24 AB03 AB09 AC39 BAOl 
BD06 BD15 BD17 BEOl BE07 
BE09 BE13 BE15 BE16 BF04 
BF11 BF18 BG08 BG14 BG28 
BI07 BJU BJ18 BJ27 BK13 
BK15 BK16 BK29 CB04 CB08 
CC08 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



<U BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR DLLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
^HrEFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




